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" Studics on the chemical properties ot cobrotqéin have esta-
blished its amino acid composition, and ravealed Ahat the toxin has
a single peptide chain of 62 amino acids cross-linked by &4 disulfide
bonds with amino terminal leucine and carboxyl ferminal asparagine.
In comparison with the entire sequence of toxin;t'Irom the venom of

The Amino Acid Sequence of Cobrotoxin

Naia pigricollis the similarities obviously must lie in its alike

chemical structure. Knowledge of the scquence of cobrotoxin is
required in order to understand the location of the esgsential amino
acid residues required for the maintenance of the active conformation

of this type. It is the purpose of this cxperimont to preéesent the
sequence of amino acids in cobrotoxin. ¢ ¢

Reducaed and S-carboxymcthylated cobrotoxin was digosted with
trypsin and chymotrypsin.  Hiue poptidcs werc isolated from the
tryptic digest by a combination of clectrophoresis and chromatography
on paper. The amino acid sequencc in these peptides was determired
by both thc application of the Dduan degradation and the use of
proteclytic enzymes, leucince aminopoptidese and carboxypcptidases.
The arrangsment of nine poptides into a lincar structure was made by
comparing the amino acid compositions of the overlapping peptidos
isolated from chymotrynitic digest ol RCh-cohirotoxin, 'he stiriking
distributional regularitios of the basic and hydropiilic residues
in the sequenco, and the importance of the puvajitions of half-cystinyl
residues which form the disulfido bonds for maintaining the vrotein
in its active configuration are considerecd in conncciion with
structure-activity relations of the protein.



ABSTRACT

The Amino sicid Sequence of Cobrotoxin

Studies on the chemical properties of cobrotoxin have esta-
blished its amine acid cowmposition, and revealed that the toxin has
a single peptide chain of 62 amino acids cross-linked by 4 disulfide
bonds with amino terminal leucine and carboxyl terminal asparagineo.
In comparison with the entirc sequenco of toxin & from the venom of
Naja niaricollis ithe similarities obviously must lic in its alike
chemical structure. Knowledqge of the sequence of cobrotoxin is
required in order to understand the location of the essential amino
acid residucs reguired for the maintenance of the active conformation
of thin tyve. It is the purposc ot this exporiment to prosent the
poquence of amino acids in cobrotoxin.

Reoduced end S-carboxymethylatod cobrotoxin was digested with
trypsin and chymot:iypsin, Nine peptides wore isolated from the
tryptic cdigect by a combination of clectioplioresis and chromatography
on paper. The amino acid sequence in thone poptides was dotermined
by both the epplication of the Edman degradation and the use of
proteolytic cnzymes, leucine aminopeptidase and carboxypeptidases.
The arrangement of nine peptides inio a linocar structure was mado by
comparing the amino acid compositions of thc overlapping peptidos
isolated from chymotiryptic digest of RCH-cobrotoxine. The striking
distributional rogularitics of the basic and hydrophilic residuocs
in the soquence, and the importance of tho positions of half=-
cystinyl repidues which form the disulfide bonds for maintaining
the protein in its active configuration arc considered in connection
with structure-activity rolations of the protein.

In comparison with tho ontiro sequence of toxin & and erabu-
toxin b, 31 residuus aro found to bo common to the thro¢ nourotoxins.
It is notoworthy thet all cystinyl residues which are important to
the biological activity in neurotoxin are all in the same position,
and leave the conter pequence from residue 25-40 freeo. It is
speculatad that this contral nonecrosslinked sequence containing
most of tho bapic and aromatic amino acids in close ordur might be
the "active sito! of the nourotoxin molocule. Moreover, the
sequence of cobrotoxin shows very closely relatod to that of toxin
o imolated from the namc family of snuke. Thore ore only teen
differences in amino acid coumposgition of toxin & which express
thempolvos in 12 different roesidues and ono missing rosiduc along
tho vholoe chain. In viow of tho gunorel similarity among nheuro-
toxins isolatud “rom cifforont snake vonous, invostigations of the
structural ditfleicnces among them ghonld reveal a good deal about
the structural foerturee rospongible for the venowm toxicity.
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The Amino Acid Sequence of Cobrotoxin

I. Introduction

Studics on the chemical properties of cobrotoxin have
established its amino acid composition, and revenled that the toxin
has a singlo peptide chain of 62 amino acids cross-linked by &
disulfide bonds with amino terminal leucine and carboxyl terminal
asparagine (1,2). In comparison with the antirc sequonce of toxin
® from the venom of Naja nigricellir (3) the similarities obviously
must lie in its alike chemical structure. Knowlcdge of the -
soquence of cobrotoxin is required in order to undorstand the
location of the essential amino acid residues requircd for the
maintenance of the activo conformation of this type. It is the
purpose ox this vxperiment to present the detailed results which
lead to the formulation of the soquence of amino acids in cobrotoxin.

As a prerequisite for this study reduced and S-carboxymethylatod
cobrotoxin was digusted with trypsin and chymotrypsin. = The
resulting peptides werc separated and their amino acid sequences
wore determined largely through the application of the Edman
degradation technic. From the results of this investigation, the
62 amino acid residues of cobrotoxin have been placed in sequence.

I1. Materiapls and Mcthods

Cobrotoxin used in this study was propared from Formosan cobra,
(Naja naja atra) venom as proviously described (4). Trypsin was
the TPCK-treatcd crystallized proparation, Lot 7 KA; w-chymotrypsin,
tho three times crystallized salt-free preparantion, Lot 6 JFj
leucine aminopeptidase, the DFP treatcd suspension, Lot 6 IC; and
carboxypeptidasos A and B, tho DFP troated suspensions, Lot 6 FC
and Lot 29 respectivoly. These anzync nreparantions wore all the
products of Worthington Biochamical Corp. Rangent grade of p-
mercaptoethanol and icdoacetic acid obtained from Mathoson and
Coloman Company and purifiod phenylipothiocyanate uhtained from
Pierce Chemical Company wore uscd. All othor rongonts were of
analytical grade. Sephadex G=25 wus purchazed from Sigma Chomical
Company and urce was n Mallinchrodt reagent. Pyridine was
distilled prior to use.

1. Reduction and alkylestion of cobiotosxin

Reduction and aikylation of cobrotoxin was performed according
to tho method doscribod by Crestfivld, Moorc and Stein (5).
Three hundred mg of cobrotoxin was dissolved in 10 nl of 0.2 M
Tris-HC1l buffer (pH 8.2) containing 8 M urca and 0.3 ml of g~



mercaptcuthanol was added. The glass-stoppered tube was flushed
with N, and left at room temperature for 4 h. For alkylation, a
froshly prepared solution of 900 mg iodoacetic acid in 2.3 ml of

2 N NaOH was andded with stirring and the pH of the solution
maintained at pH 8.6 with the aid of 2 N NaOH. After 30 min the
solution was desalted by passing through a column of Sephadex G=2%,
The reduced and S-carboxymethylated (RCM-) cobrotoxin cmerged in
the void volumc was pooled and lyophilizod.

2. Tryptic digestion of RCM-cobrotoxin

The RCM-cobrotoxin was dissolved in 0.1 M NH4HCO3, pH 8.2, to
make a 1 % solution and a sufficiont trypsin solution™ (10 mg/ml in
water) was added to give a protein : enzymo ratio of 50 : 1.

After incubation at 370 for 2 h, the reaction was stopped by the
addition of 1 M acetic acid to pH 4 and the digest was dried over
Paos in a desiccator under vaccum.

3. Fingerprinting

The driec digest was dissolved in water and aliquots corres-
ponding to 1 mg of the original protein were subjectoed to electro-
phoresis at pH 5.4 with pyridinc-acetic acid-water (20 : 7 : 973,
v/v) (6) on 74 x 56 cm sheets of Whatman No. 3 MM paper. The
electrophoresis was carried out in o varsol cooled tank with a
potential gradient of 51 V/em for 60 min. .Aftor drying,
chromatography was run with n-butanol-acetic acid-water=-pyridine
(15 3+ 3 1 12 1 10, v/v) (?) by tho descending method for 18 h at
room temperature. Peptides on tho map were devcloped initially
wvith 0.2 % ninhydrin in absoluto othanol and there after with the
Ehriich reagont (8) to characterize peptides containing tryptophan.

L, 1Isolation of peptides

The tryptic peptides from 60 ma digonted protein wore
separated by napor olectrophoresis at pll 5.4t on a cheet of 74 x 30
cm as doscribed above. After which, 1 cm strips were cut from
both pidos of tho electrophoretogram aud developed with 0.2 %
ninhydrin in acotone (w/v). Using the developed strips as markers
the areas of the electrophorctogram containing tiie peptides were
cut out and stitched to fircah sheets of Whantmen No. 3 MM paper for
descending chromatography as described above. Harker strips were
cut out and doveloped to detect the positious of the poptide bands
which wero then cut out, cluted with 1 N scetic rcid and dried.

In some cases, an additional electrophorctic soparation using pH
1.9 with 88 % formic acid-acetic acid-water (25 : 87 : 888, v/v)
{9) at 5% V/cm was nocossary to obtain the purifiod peptides.



5e Chymotryotic dineution ox tryptic peptides

About 1 3 mole of the tryotic puptide was dissolved in 1 ml of
0.1 M NH HCO y PH 8.2 and 0.1 ml of chymotrypsin solution (S mg/cs)
was addo Thu mixtures were incudated at room tumperature for 24
h. After which tho pH of the soluliuvn wae lowerod and the
solution was talon to dryness for Iingerpriniing and 10* inolction
of peptides as describod above.

6. Amino acid analysis

For the detormination of amino acid compositions, the peptide
bands containing 0.2-0.5 p mole wera cluted with (onstqnt boiling
5.7 N HCl, and hydrolyzed at 310° for 24 n in evacuated, sealed
tubes. Amino acids wore detormined on a Tachnicon amino acid
Autoanalyzer with norloucine as an internal stendard or identified
by paper elcctrophoroscis et pil 1.0, Analyses fo:r the peptides
containing tryptophan were macdc after completo hydrolysis of the
peptide with leucine aminopeptidase in 0.1 M NH4HC0 buffor, pd 8.2.

7. Dctormination of N-torminal socguenco uuing the
Edman degradation

The soquoencoe of amino acid residues in pentidus was: dotermined
primarily by mcans of the Edman PTH procedure. Tho following
wodification of the method by Doolittle (10), &nd by Light and
Groenborg (11) was routinoly used. About 0.5 =1 jp mole of dried
peptide spacimon in a glass-stoppered centrifuge tube was dissolved
in 1 ml of 0.4 M diwethylallylawino in 60 % pyridine buffer to
which the pH has been adjusted to 9.5 with 1 N trifluoroacetic
acid. 4O nl of phenylisothiocyanato was added and the tube was
flushed with pure N2 pas for about 10 sec. The mixture was then
incubated at 40° for 1 h. Aftor which tho oxcoss recagont was
removed thoroughly Ly repoatod extractions with 2 volumes of
benzone 5 timos and cyclohoumecio 3 times. Thu aqueous phaso was
flushed with a otreoam of Nn gas to renove the traces of organic
solvent und then talken to drynosc in o decsicator containing Pz0g
and NaOH pollots undor rcducerd prossurc. Cyclization was
performoc at 40 for 1.5 1 in 0.4 ml o2 glacial acctic acid-~conc.
HC1 (% : 1) uncor Npe  The cyclized mixture was taken to: dryness,
dissolvod in 0.5 ml of 0.01 N HC1l and extrecicd ) timen-with an
equal volume of ether. The ether phase was evavorated to drynoss
and the PTH-amino acid was identified with tha dencending paper
chromatography of Sj8cuist (12) and of Bdman and uabquist (13).
Solvent A, C and F were usud almost exclusively.

8. Dotormingtion of N-torminal neguunce using
loucing aminopuuticaoo 2 (34




The peptidos about 0.1 j1 mole were dissolved .

and the pH brought to 8.4 by the addition of 0.02 :? :tio?; :"'.ter
NH HCQ . 0.01 ml of leucine aminopeptidase solution (1 mg/ml in

0. m% MgCIZ) was added and the reactions were allowed to proceed

at 387, Aliquots (0.02 ml) of the digests were taken after X, %
and 1 h, acidificed with acetic acid and dried. ' The amino acids
relcascd were idontificd by paper electrophoresis at pH 1.9 and blank
digestions were always run at the same time.

9. Determination of C-terwinal sequence using
carboxypeptidancs (14)

The peptides were disuelved in 0.7 ml of 0.1 M NH,HCO,, pH 8.2,
and 0.01 ml of carboxyneptidase D colution (1 mg/ml in water) and
of carboxypeptidasc A soluiion (1 mg/ml in water) were added.
Digestions wore carricd out at 3807 for 1 h, after which the digests
were acidified and cdricd. The awino acid liberated were identified
by paper eclcctrophoresis at pll 1.9 ecnd dlank digestions were always
run at the same time.

10. Detection of amide group in peptides

.After prolonged treatment of acetic acid-conc. HCl in the Edman
dogradation of peptides, glutamine appcared mainly as PTH-glutamic
acid, so that additional detormination of the amide group was nece-
BEary. In wost cases, the presonce of amide group in peptides was
determined by 24 h digestion of peptides with leucine aminopeptidase
or carboxypeptidases. Sometimes the electrophoretic mobility of
peptides measured at pH 5.4 indicating the net charge on the peptide
was used for. judging the presence of free carboxyl or its amide groupe.

11. Non-enzymatic cleavage of the peptide bonds

As has been mentioned by Narita and Titani (15), the use of the
conc. HC1l was heolpful to overcomeo the difficulty in determination
of the threonine and sorine due to the lower recoveries of their
PTH derivatives in the Edman degradation using acetic acid-conc. HC1
mixture, This was performed with conc. HCl at room towmperature
overnight to cleave the acylserine and acylthreonine linkages in

confirasing the position of seryl and threonyl residues in the sequence
of poptides.

12. Chymotryptic digestion of RCM-cobrotoxin and the
peparation of the chymotryptic peptides

One per cent of thc RCM-cobrotoxin in 0.1 M NH,HCO, (pH 8.2)
was d%gcstcd with chymotrypain at a protein t onzyme ratio of 50 : 1
at 37 for 24 L. After viich the pll of the solution was loweread
and the digests werae driecd as doseribed above. Fingerprints ware



made, and. the peptides wore stainod with 0,02 % ninhydrin (w/v) in
absolute ethanol anca develoned at 60° for 20 min. The ninhydrin
nogsitive sgpots were cut out, washed, eluted Qith 5.7 N HC1l and
hydrolyzed at 110" for 24 h. In some cases, additional purification

of the poptides using papor clectrophoresis at pH 1.9 were: necessary
to cive bottor analysis. '

ITII. Rasults

1. Tinperprinting of tryntic peptides from RCM-
cobrotoxin

The . pattern of fingerprinting of tryptic peptide obtained by
two dimengional papor electrophoresis and chromatography is shown
in Fig. 1. Nine major spots (polid cycle) and 6 minor spots
(broken cycle) arc obtained and numbered orderly from the acidic
to the basic side ond on the basia of chromatographic mobility.
Peptides T-4, T.5, T-7 and T-12 pave initially a yellow ninhydrin
color indicating umino terminsl glycine or threonine. Peptide T-2
gave only a faint brown ninhydrin color prosumubly because of the
amino terminal asparagine or isoleucinae (16). Only two peptides,
T-8 and 7-13 showed a positive reoaction with Ehrlich reagent.

2. Amino acid comvosition of tryptic peptides

The amino acid composition togother with the yields of the
tryptic peptides from RCM-cobrotoxin is presentced in Table I.
Amino acid enanlyses were porformed on acid hydrolysatos, except
peptidos T-8 and Te13 were on their loucine aminopuptidase
hydrolysates. Since, peptide T-1 has not hecn isolated in pure
state, its amino acid composition was derived from the data that
included 10 % of poptide 7-10.

Tho emino acid cempesition of all popticdes is compatible with
their olectrophorctic mobility and with chromatographic movement,
Of the peptides obinined in yields of more than 48 %, all but one
contzin lysyl or arpinyl residue at the carboxyl ond at which
trypsin is known to cleave the poptide bond. The exception is
veptide T-1, which probably roprosents tho carboxyl terminal
sequonce of the protein. Of the poptides obtained in yields of
less than 6 §, two do not contain lysyl or arginyl residue but
contain tyrosyl rcsidve which is susceptible to chymotryptic
digostion. Becausu of their unique composition, these peptidos are
cloarly the fragmont of peoptides obtainod in higher yield. Other
peptides in lowor yicld show a composition that is exactly the sum
of thc compositions of two othor poptides obtained in higher yiold,
indicating the bond lesns cusceptible to trypsine.



Thus, only tho peptides obtained in higher yield account for
;h:loniiro‘amino acid composition of cobrotoxin which ig the
ollowing residuen: Asp,, Thrp, Ser,, Glu_, Pro_, Gly., Cys,, Val
Ilez, Loui, Tyr, LysB, Hia?, ArgG,uTrp1.7 2 7 8° 1’

3. Pingerprinting of chymotryptic peptides from T-3

The pattern of the puptido map is shown in Fig. 2 where S main
spots arc olLtaincd. Peptide T-3~C-1 gave initially a yellow coler,
and peptide T-3-C-3 initially brown colur indicating serine is
probably the amino terminal.

“e fhmino ncid composition of chymotryptic peptides
Yrom tryptic peptide T-3

The amino acid composition of the chymotryptic peptides from
T-3 is presented in Tablo II, Although peptide T-3 contains only
one tyrosyl rosidue which forming peptide bond susceptible to
chymotryptic hydrolysis, 5 distinct peptides werv obtained.
Since T=3-C-4 in a dipoptido (see below), the total residues in

the chymotryptic peptides agrec well with the entire amino acid
composgition of T-3.

5. s4mino _acid seguence of the géptidqg

The half arrows above and under the abbreoviations depict the
rosults of cuzyuic digestion ond of tho successful applications of
the Edman degradation, resnectively.

ot e . . y
T-1  H-CH-cys-fsu-isn-OH

The sequonce was ostablished by the Edman degradation which
yiolded PTH-CM-cys, PTH-igon and PTH-Asgn subsequently. Digestion
with leucino aminopoptidase for 1 h reloased only CM-cysteino, for
24 h gave CM-cysteine and asperagine. Since this tripeptide is
the only poptidu in tryntlc digect whiclh contains no lysyl or
arginyl reosicduu, it might Le the carboxyl terminal soquence of the
protein. '

- mgy o

F

T2 H.Lug-gig.l1ono{x-gigrhqB-CH-cxg-cu-cyg-Thrf?hr-Aap-
e
APQ-U"

The Ednan degradaiion wap performed up to the 1ith astop
succesnlully, Leucinae aminopoptidase did not liberate any free
amino acids, tho true causo is not known. Digestion with carboxye
peptidasas libeorated arpinino and aspartic acid subsequontly.

The glutanic ecid et 4th position is not glutamine, bocause the
peptido C-8 (H-Gly-Ilou-Glu~-ilo~/isn-OH) isolated from the chymee

v . - o ST o et e TR e bt TR . e W b e il



tryptic digest of RCM-cobrotoxin (Table IV) has one net negative

charge and pince PTH-Azn wes Catocted at 6th step in this peptide
by the Edman degradation. ‘ :

T-3 H-Leg-G1u-CM—cygugisgkng-gigrglg-ggg-gg;-(CM-cysi, Alpl.
Thrs, Seri. Glu_, Proi, Gly3)-éM-cyn-§§§-Lyn-OH
[

The amino ncid composition of T-3 indicates that it contains
26 residues including leucine which is the only one solely prosent
in and appears as the amino terminal residue of the protein (1).
Thus, T-~) represents the amino tcrminal sequence of the protein
extended up to 26th amino acid residue. The partial sequence was
elucidated by the Edman dogradation, and with carboxypeptidases
which liberated lysine, tyrosine and CM-cysteine subsequently.

T- -c- - ‘- oa -r*- - - - "o - - -
3 1 H Glz CH cys-Sor glz GII §£¥ ghi ﬁg; CM cys

g g—
Tyr-01

The sequence of tho nenxtide wes established by the Edman
degradation. Carboxypeptidase A libesrated only tyrosine.
Digestion with leucine cuinopopticdase rolcascd Glycine, CM-cysteine

and serino subpsoquontly. 2L h digeation with lceucine aminopoptidase

gave free amino acids including glutamic acid but no aspartic acid.

T-3-C-2  H-Leu-Glu-Cl-cvg-Hig-/an-Gln-G1u=-0il
7 ” .l L -~ -~ B

The smequence of the peptide was elucidnteéd by the Edman
degradation. Carboxypoptidase A relcased glutemine but no
glutamic acid, 1.5 h digestion with leucine aminopeptidase
1iberated leucine and glutamic acid. 24 h digostion gpave free
amino acids but with no aspartic ecid.

Conc? HC1

T-3-C-3 H-Ser§50r-GlnéThr-ProiThr-OH
—_— T S ey i —pr

The scquoence wac csoiablished by the Edmen degradation.
8ince this peptido is neutral, glutamyl reeiduiie must be emidated.
24k h digestion with leucine aminopoptidase libersted only sorine
and glutamine, and carboxypeptidasc A did not liberate any free
emino acids. Tho peptidc was trecated with conc. HCL at room
temperature for 16 h. Tho products were scparated by paper
electrophercsis at pH 1.9 into 2 major fractions in pddition to
soveral minor bands. One of the major bands conteinod serine
and glutamic acid, and the other contained threonine and prolinee.



These confirmed that prolyl residuc is at Sth position.

T-3-C-4 H-Thr-Thr-0H

The peptide gave an initially brownish ycllow ninhydrin
color and yeilded only threonine on amino acid anaiysis. It ran
slightly faster than freec threonine on the chromatogram using the
solvent systom of peptide mapping (n-butanvl-acetic acid-water-
pyridine, 15 : 3 t 12 : 10) and ran closer to isoleucinc on the
olectrophorotogram at pi 1.9, On Technicon amino acid Autoanalysor
it emerged near the position of alaninc. The analysus of hydrolysed
and unhydrolyzod aliquots of oqual portions of the poptide indicated
a double increase in ninhydrin color, suggesting that it is a
dipeptide of threonylthreonine. Since no authentic specimen of
threonylthreonine to compare with, the chromatographic and ‘electro-
phoretic mobilitios of this poptide remesins to be explained.

T-3-C-5  H-Lys-OH

8ince peptide T-3 contains oniy one lysyl residue, this
peptide is present in the form of frec lysine rether than polymer.

Conc. HC1
ommpnaa i cttr——— s ety o
T-4 H-Gly-CM-cys-Gly-CM-cys-ProfSer-Val-Lys-OH
— o > > r Aean- a4

The Edman dogradation esptablished the above sequence.
Leucine aminopeptidasc and carboxypuntidases reclensed free amino
acids es indicated. On the treatment with conc. HCl at room
temporature for 16 h, 2 major peptides in addition to 2 minor were
ebtained by paper celectrophorosis at pH 1.9, Onc of the major
bands containcd serine, valine and lysine, and the other glycine,
CM.cysteine and proline.

el i w——
T-5 H-Thr-Glu~Arq-0H
———— ey ey
The peptide is neutral and gave initially & ycllow ninhydrin
color, indicating the presence of a glutamyl recsidue and an amine
terminal thiconine. This was confirmied both by the dwman
degradation and by loucine aminopepticdase digestion.

B e
T-6 H-l sp-Hig-Arg-OH

The sequence was clucidated both by the Edman degradation and
by leucine aminopoeptidase digestione.

- A L.
Te H-Gly-Tyr-Arg-OH
7  H-Gly-Tyr-frg-OH



This peptide gave initially a yellow ninhydrin color, indi-
cating that glycine is the amino terminal. This was confirmed

both by the Edman degradation and by leucino aminopeptidasc
digestion,

T-8 H-Trp-Arg-~OH

The sequcnco was confirmod by the Edman degradation.

T-9 ll-Lys-Arg-0il
—_——

The sequence was detcrmined by the Edman degradation.
1T-10 H-Asn-Gly~Ile-Glu-lle-Agn~CM-cya-CM-cys-Thr-Thr-Asp-
Arg-CM-cys-Agn-/sn-OH

The composition of this peptide is the sum of the residues
in T-1 and T-2. S8ince T-1 is the carboxyl terminal peptide, the
above sequence of T-10 is deduced.

T-11 This peptide has the same composition as T-3 except
that it lacks the carboxyl terminal lysyl residue. The rolease
of lysyl residue is probably due to the presence of tyrosine in a
position amino terminal to lysine, forming & bond supceptible to
chymotryptic digestion,

T-12 H-Gly-Tyr-OH

Thiec peptide gave initially a yellow ninhydrin color, indi-
cating that glycine is the amino terminal. The lower sield and
the unique composition of this peptide indicates that it is derived
frew. the amino terminal part of the peptide T-7.

T-13 H-Trp-Arg-Asp-Hig-Arg-OH

The composition of this double tryptic peptide is the sum of
the residu~s in peptides T-6 and T-8. The resistance cof the bond

to trypsin indicates that asparyl residue is linked to arginyl
residuc.

T-14 j-Lyp=-0H

T-15 H=Arg-OH

Electrophoretic and pap:r chronatograpiiic mobllities of these
pepticdes indicate that both aro present in free formas. The

presencoe of free lyasiue and froe arginine io presumbly derived
from peptides T-3 and T-7.




6. Fingorprinting of chymotryptic peptides from RCM.
cobrotoxin and thoir smino acid compositiong

In an attempt to obtain the overlapping peptides, the RCM.
cobrotoxin was digented with chymotrypain. The pattern of finger-
printing obtained is shown in Fig. 3. Since most of tho tryptice
peptides contain specific amino acid residue such as leucine,
isoleucine, histidine, tyrosine, proline and tryptophan which cen
be used as warker, it is not difficult to link cach other by
analyszsing the amino acid composition of the major peptides. The
results are presented in Tables III and 1V,

1v. Discussicn

In the present studies, the specificity of trypsin has come
to be anticipated. The variable yields aof the ctryptic peptides
clearly indicate that the rate of hydrolysis of various bonds is
different. The pregcnce of aspartic acid in a position amino
terminal or carboxyl terminal to arginine markedly decreases the
rate of hydrolysis, This has occurrod in peptides T-1 and T-2, and
also in pceptides T-80 and T-6. Longer hydrolysis splits the more
resistant bonds but it has also resulted in hydrolysis of a bond
carboxyl terminnl to tyrosine as in paptides T-3 end T-?7, probably
due to the contaminating chymotrypsin in trypsin proparaticn, or
the intrinsic action of the trypsin.

Chymotrypsin has shown far less specific in its action. In
addition to the expected hydvolysis of bonds that are linked with
tyrosine, tryptophan, asparagine, histidine and lysinc, the
hydrolyais of bonds that are carboxyl terminel to glutamine,
threonine and aspartic acid has been obgerved. The peptides
produced werce obtained unexpoctedly in higher yields.

Leucine aminopeptidese has proved to be useful in the determi-
nation of the peptide containing glutamine, asparagine or tryptophan,
and in the confirmation of the position of prolyl residue in the
peptides which is in accord with the result obtained by Schrocder
(17).

The destruction of sorine, thrconine, tyrosine and CM-cystoine
in acid hydrolysis has commonly beeti observed. That of scrine,
and of throonine ip botwcen 5-10 %, that of CM-cysteine is bLetween
20-40 %, that of tyrosine is somchow wore variable.

Tho Edman degradation used in this study has shown to be
satisfactory in detormination of at least 11 residues. Serine and
threonine werc found to form the PTH derivatives with a considerable
amounts of the dehydro fOrms and tne yields are probdably lower,

10




Asperagine appeared no problem regirdlcni of its position in the
peptide, However, glutamine appeared mainly as PTH-glutamic acid,

The use of the conc. HCl to split the acylserine and acyl-
thrsonine has been successful in confirming the position of seryl
and threonyl residues in the peptides.

The total residues as calculated froama the sequence obtained im
this experiment are in good accordance with the amine acid compesi-
tien of cobrotoxin reported in the preceeding paper (1). The
sequsnce as summarised from this study is elucidated in Fig. &.

In comparison with the entire sequence of toxin & (3) and
erabutoxin b (18) as illustrated in Fig. S, 31 residues are found te
be common to the thirse neurotoxins. These include the positions
of all cystinyl residues which are impertant to the bdiological
activity in these types, Moreover, the sequence of cobrotexim
shows very closely related to that of toxin . There ares only
teen differences ir amino acid composition of toxin o which
express themsalves in 12 different residues and one missing
residue along the whole chain. 8ince both of the toxins are
isolated from the same family of snake, the 13 variant residues
are comparatively high from the svolutionary point of view,

In considering the relationship of the structure of cobrotoxia
to its activity, a number of notewvorthy featuras of the sequence
say have important functions in maintaining the activity.

1. _The basic amino acids and the functional residuves are
mainly concentrated in the middle part (position 25-40) of the
sequence, leaving the remaining part very few basic residues.
Thus, there are 2 lyayl residues out of the 3J, 5 arginyl residues
out of the 6, 1 histidyl residue out of the 2, and all aromatic
functional residues, 2 tyrcsyl and 1 tryptophyl, occured in this
part. It must be noted that the two tyrogsyl residues react
readily in the native protein with iodine chloride (19), and alse
that the native protein loses its lethality after tryptic diges-
tion (20). These all indicate that this part must expose out-
ward on the protein and may play an important role in maintaining
the toxicity.

2. The remaining part of the sequence contains mainly the
hydrophilic residues. Remarkably, there are no hydrophobic
residues appeared along the sequonce from the position 2-24,

This suggests that the hydrophobic environment is probably not
required for maintaining the protein in its active configuration,

3. The acidic residues do not appear to show any particular
distribution in the sequence and many of them are amidated.

11




Thapo indicate that the intramolecular electrostatic bonds are alse
unimportant to koop in the active form. Conmequently, it soems
likely that the disulfide bonda arc probably the only bond to
maintain tha protein in its active configuration. This is
strikingly in accord with the fact that on the prolonged treatsent
with B M uren, cobrotoxin atill rataoina fully ito lethality (21).

V. Conclnsion

Reduced and S-carboxymothylatcd cobrotoxin was digested with
trypsin and chymotrypsin. Nino peptides wore isolated from the
tryptic digest by a combination 0f olectrophoresis and chroma~
tography on paper. Tho amino acid scquoncc in these paptides
wvas detormined Ly both the applicatiou of tho Edman degradation
and tho use of proteolytic ensymes, loucine aminhopeptiduse and
carboxypeptidases. The arriinigement of ninc peptides into a linear
structure was made by comparing the amino acid ccmpositions of the
ovarlapping poptides isolated from chymotryptic digent of RCM-
cobrotoxin. The striking distributional regularitics of the tasic
and hydrophilic residues in the sequence, and the importance of
the positions of half-cyatiny:l rosiduea whica form the disulfide
bonds foi waintaining the protein in its active configuration are
considered in connection with structurc-activity relations of the
protein.

12
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APPENDIX A-1

Tuble 1

Amino acid composition of tryptic pepticdes frow RCM-cobrotoxin

T Yield
Peptides Luino acid composition otal °

residues %
T-1 (CH-cys, g1 “pz.o) _ » 3 a2
T-2 (CM-cysl.S; A.pa_gg Thrz'o; c1u1.°; Gly, . 1102.0)- 12 18
Avo, .4
T-3 (CM-cysa'S; A8p1.9‘ Thr&.7; Serz.s; Glus.o; Prol'i; 26 29
Glys.o; Leui.o; Tyro.g; “181.0)-Ly51.0
T-4 (CM—cysl.g; Sero.ga Pru:.j; Glya.o; v“‘o.g)‘Ly'1.o 8 29
T-5 (Thrl.u; Gl“i.ﬂ)-Argl.O 3 36
T-6 (Aapi.o; Hisi'o)-krgi.o 3 31
T=7 (Glyo.9‘ Tyrowj)-Argi.o 3 30
T-8 Trp0.9-Ar°1.0 2 a7
T-9 Ly31.1; Argi.o ] 268
T-30  (CH-cys, .3 Aepg 1 Thr, i Glug 1 Gly, .y Tle, i 15 5.3
Aroy o
T~11 (CN-cysa.7; Anpl.a; Thrh.B; Ser2'7; Glus.o; Proo.g; 25 3.2
GlyJ.o; Lcuo.g; Ter.B; Hisl.o)
T-12 Glyiho; Tyro.9 2 2.0
T-13 (Aapl.o; His, . Trpo.g; Argz.l) 5 2.0
T~ 14 Arg 1 2.0
T~15 Lys 1 3.0




LPPENDIX A-2

Table I

Amino acid composition of chymotryptic peptides from tryptic peptide T-)

T
Peptides Amino acid compogpition ro.::::.
T-3-C-1 (CH~cy.1.3; A'pi.o' Thri'o; SQr’.o; Gluj.oa 10
Gly, g)-Trrg 5

T-3-C-2 (CH-cy.o.ag Aupi.o; Glu2.9; L'“a.o' Hinl.o) ?

T-3-C-3 (Thr2'1; Sor"9; Glu1'°; Proi_o) 6 |
i
|

T-3-C-4 Thrz.o | ?

T-3-C-§ Lys 1

15
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APPENDIX A-)

Table III

Amino acid composition of chymotryptic peptides from RCM-~cobretoxia

Peptides Amino acid composition r:::::ou Y‘;ld
C-1 CN-cylz.Jz Aspa'o; Thr1.7; Argl.o ‘9 12.1
C-2 (CH-cyui.j; kop, .+ Thr 3 Sero.gg Gl“x.z‘ 10 8.9

ny3.0)'Tyr0.8
C-3 CH—cy-z.l; A.pj.og Th';.e' Glu1.3; Glyl.z; 13 S.2
7 Ile, ot Arog 6 _
Cub (CN—cynﬁ.a; A.pi.o; Thri.ax S¢r°.7; Slu, .3 11 4.0
61y,,97"%770,2
€5 CN—cy.o.G-Tyri'u 2 1.1
c-6 Asp b €.7
€-?7 CH-cylo.sa Gluo.gg Lou1.°; Hiui.o & 0.6
c-8 Asp, of Gluy oF Gy 6t Tley 0 5 1.9
c-9 CH—cyao.eg A'pl.O; Glu3.o; Leuo.ag H1-1.° 7 18.9
C~11 CH-cyl°.8; Aspz.o; Argi.o 4 6.8
C-12 Thrz.c; Sera.o; Glul.o; Prol'o. 6 31.0
C-13 CM-cy32.2; Aopo.a; Thr1.1; Seri.o; Glui‘i; 13 9.1
Pro, o3 Gly, i Valy o1 Lys, 4i frog o
C-14 (Gly‘.og Argo.s)—Ter.a 3 7.6
C-18 (A'pl.l; Glyl.c; Hilo.g; Argi.a)uTyro.k 6 6.0
c-16 Asp, i Lys, i hra, o Trp, ) 2.0
C-17 (Lyal.o; Argi.z)-Trp’ 3 4.8
c-18 (Lysz.o; Argl.j)-Trp’ 4 5.8
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APPENDIX A-&

Table IV

Probable sequenca of chymotryptic peptides from HRCH-cobretoxin

Peptides

Probable amino acid asequenco Not

charge

| c-1
C-2
c-3

c-4
c-5
c-6
c-7
c-8
c-9
C-11
C-12
C-13

C-14
C-15
c-16
C-1?7
c-18

H-CyS-CyS-Thr-Thr-Agp-arg-CyS-Asn-Lsn-0H
H-Gly-CyS-Ser-Gly-Gly-Glu-Thr-Asn-CyS-Tyr- "~
H-Gly-Ile-Glu-Ile-Asn-CyS-CyS-Thr-Thr-lLsgp~Arg-
CyS-Asr-0H
H-Thr-Gly-CyS5-Scr-Gly~Gly-Glu-Thr-Asn-CyS=-Tyr-OH
H-CyS-Tyr-0OIll

H-Asp-OH

H-Leu«Glu-CyS«lii 3-0H

H-Gly-Iie-Glu-Ilc-Asn-OH
H-Leu-Glu-CyS-His~-Asn-Gln-Gin-CH
Hehrg-CyS~Agn-Asn-~OH
H-Scr-Ser-Gln-Thr-Pro-Thr-OH
H-Arg-Thr-Glu-Arg -Gly-CyS-Gly-CyS-Pro<Ser-Yal-
Lys~-Asn-OH

H-Arg-Gly-Tyr-OH

Hehrg~hsp<His-hrg-Gly-Tyr~Ol
Helysg-Lyg-Lrg-Trp-Arg-hsp-OH

H-Lya-Arg-Trp-OHd

H-Lys-Lys-Arg-Trp-OH

-3
-3
-4

" 1.

-1
-1
-1
-1
-1
o
0
o

+1
+2
+3
+2
+3

17




APPENDIX B-1

-
-

cetic neid-Water-Pyridine (2 na)

[
'n

P e et

-~
L
-
]
e
-
n-Dutanol -

USRS U S

pH 5.4, 51 V/cu, GO min (1 st) .

Pyridine-hAcetic ncia-Water (20 : 7 : 973)

Fig. 1. Peptide map of the tryptic hydrolysate of RCM-cobrotoxin.

One mg. of the hydrolysate was used on a sheet of Vhatman 3 MW
paper (74 x 56 cm). The electrophoresis was carried out at pi
5.4 in pyridine~acetic acid-water (20 ¢ 7 t 973, v/v) for 60 min
at 51 V/cm. Chromatography was run with n-butanol-acctic ccic-
water-pyridine (15 1 3 ¢t 12 1 10, v/v) by the descending method
for 18 h,

18

10} Descending

i2

{15 :
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APPENDIX D=2

T-3-C-4

e -,
O T-3-C-1

Ta3-C-2

1

pH 5.4, 531 V/cm, 69.min (1 at)

Pyridino-Acotic ncid-Water (20 ¢ 7 1 973}

Fig. 2. Poptide map of the chymwotryptic hydrolysate of tryptic

paptide T-3.

Conditions for preparation of thu mad were the sauc as those in

Fioo 1.

19
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n-Butanol-Acetic acid-Water-Pyridine (2 nd)

12 t 10) Descending
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APPENDIX B-3

£
S
B
33
g
c-8 E :
- 4 &
. [ =]
c-17 C-14 Q g =
@) o ‘8 K
c-18 ¢ 2 -
C-16 = Gl o
O 0 ' o 3 -
C-11 C-9 ; -
c-uo c- IOO C-b c-a3f (|«
c-6 Ql -
0 %9 0 =S| &
&
+|°

pH 5.4, 51 V/cw, 60 min (1 st) -
Pyridine-Acetic acid-Water (20 t 7 & 973)

-

Fig. 3. Peptido map of the chymotryptic hydrolysate of RCM-
cobrotoxin.

Conditions for preparation of the map wers the sawme as those
in F’-o. 1.
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APPENDIX B-4

<« -3, T-11

T2 §"3'§'2 GRS o - TR Ta T iil‘?ﬂ"';l

H-hou-Glu-cxs-HisTAnn~Gln -Gln..Sor-Ser-Gln-Thr-Pro-Thr-Thr=Thr-

> (N
< >

C-9 C-12

1-3
T-231

& To1-C-1

4 T-

=

c-
16 17 18 19 20 21 22 23 2% .,l 1 g7 °3l 29 3L

-

c-2 -

Gly-Cy5-Ser-Gly-Gly-Giu=Thr-\ensg S Tvr-Lys Lys-Arg-1Tr g-Arg-
_1’1
c 18

PR
C-&

-15

C-4

P‘*B > |« T-7

b‘r"@_.:) q_:—}_:.)‘ =15 4._"_’:.5‘.-_‘..)‘.{ . T'!f » |
3z S A8y 209 37 28 oow U Lt ki a3 L4 4S5 46 W7y
ch—ArQ Gl\-TV“~A1‘ Thr-Gin-ig«Glyv-Cy5-Gly-CvS..-Pro-Soer=Val-Lys-
Ta gl C-1 c-13
c-15
< 1-10 o
- T-2 T-1

-

Asn=G y-Ile-Glu-lle-Asn-CyS-CyS-“hr-Th.~.f\-‘12 C;S-‘an-Aan-OH

43 49 S50 51 52 53 Sk 85 56 A~ 53 S50y o0 01 32

—————

C-114

i,

T

C-1 — C-B T¢, 2.
[ ‘1

»>

—

o
Y

b

Fig. &. Amino acid sequence of RCHM-cobrotoxin.

’ .
The yogitions cnd decignations oz the peptides that are discugsped

in the tuxt are given,




~PPANDIX B-5

. 2 3 & 5 6 7 8 9 10 11 12 1) % 15 16 17 18 19 20
Cebrotoxin Iaroclnuﬂcm_:”=unn»uucnwnumpbnmoﬂlmcnnnw=|dwq|1no|arnuHSNu ﬂsnanuwum&ﬁwwow|0~«|muﬁu
1] (RN
Toxin & H-Lou-Gluspyd His-Asn-G1n-Gln-Sor-Ser-GlntProgPro-Thr-Tar- r«m-a:n.m s{Profeiy-

Wl
Brabutoxin b :-»noou—o*mmmﬁwwﬂwbuaﬁmn-*mwcnmoﬂommﬂsOFC

29 22 23 24 25 26 27 22 29 30 31 32 33 3% 35 16 37 38 39 4O

e

[Glu4Pro-Thr-Thr{Trpilys-Thr ﬁ&m Pro-

Lz 43

nucuﬂrnobuﬂqﬂ«W4awn|r%morwunsﬁouﬂﬂv|VNnnbnwlmwuahﬂcannwlﬁwwc}wc -Thr-6 Hc|»ﬁm|m~%.fvnquu41un.

[}

b :__
- chu:|r +
.

o—:;ﬂunnbuvan& qawwcr<m|rwm*<mh*anuo>nnnruv|=wm:>nnnn~< Thr-1le-Jle$siu-Arg-Gly-{

nnuc%mnﬂnzwn n% LTy

_4-d<u—

mnn-o~wvr<uoo~chman+>- *1=o*>uocn~< Thr-1le-Ile opcu:nmucquﬁw

T

W 45 46 47 48 49 50 51 352 53 5& 55 56 57 58 59 60 61 62

———

1%0:m0no<ﬂwlr¥unbu510wvnnwﬂuﬂuﬂnHnalznﬁqnﬂw:%Wm+a=ﬂ|HVN|:mvnbﬂnr£~h4»m: -asn-0d

Pro asﬂ.<s~|r%w*vno
(Pro{Thr{Val-LystPro

+tGly-1letlys rb:o?!ﬂt@«ﬂLﬁﬁ&4ﬂ?ﬂuﬂvﬂo=uv LyatOyS+Lsn-Asn-0

_.—.—

Gly-Leu}lys up«-».u»mwveaw monvop=-<-p*maq £y91Gluthsn-OH

Fig. 5. Amino aci

d sequence of neuretoxine.
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Studies on tne chemical prcperties of coorctoxin have established its amino acid
composition, and revealed that the toxin has a single peptide chain of 62 amino
acids cross-iinked by u disulfide ponds with amino terminal leucine and carboxyl
terminal azparagine, In comparison with the entire sequence of toxdn&from the
vencm of Naja nigricollis the similarities obvicusly must lie in its alike chemical
structure. Knowiedge of the sequenze of ccbrotoxin is required in order to
understand the locaticn of the essential amino acid residues required for the
maintenance of the active conformation of this type. It is the purpose of this
experiment to present the segiueacs of aminro acids in cobrotoxin.

Reduced and S-zarboxymethylated ccorotoxin was digested with trypsin and chymotrypsin &
Nine peptides were isclated from the tryptic digest by a combination of electrophore-
sis and chromatography on paper. The amino acid sequence in these peptides was
determined by both the application of “he Edman degradation and the use of proteolytid
enzymes. leucine aminoreptidase and carboxypeptidases. The arrangement of nine
peptides intc a linear structure was made by ccmparing the amino acid compositions

of the overlapping peptides isolated from chymotryptic digest of RCM-cobrotoxin.

The striking distributional regularities of the basic and hydrophilic residues in

the sequence. and the impertance of the pesitions of half-cystinyl residues which
form the disulfide bonds for maintaining the protein in its active configuration

are considered in connection with structure-activity relations of the protein.
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In comparison with the entire sequence of toxin & and erabutoxin b, 31 residues
are found to be common to the three neurotoxins. It is noteworthy that all
cystinyl residues which are important to the biological activity in neurotoxin
are all in the same position, and leave the center sequence from residue 25-40
free, It is speculated that this central non-crosslinked sequence containing
most of the basic and aromatic amino acids in close order might be the "active
site" of the neurotoxin molecule. Moreover, the sequence of cobrotoxin shows
very closely related to that of toxinaisolated from the same family cf snake,
There are only teer. differences in amino acid composition of toxingwhich
express themselves in 12 diffecent residues and cone missin; residue along the
whole chain, In view of the general similarity among neurotoxins isolated from
different snake venoms, investigations of the structural differences among ihem
should reveal a good deal about the structural features responsible for the
venom toxicity. (Author)




